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ADVANCEDTHERMOCHEMICALHYDROGENCYCLES

Melvin G. Bowman and Charles M. Nollabaugh

Los Alamos National Laboratory

Los Altmos, NM 87545

The Los Alanms program on the “’~hcrmochernical Production of Ilydrogcll’[

is designed to provide experimental &l/nr analytical informa~ion in direct

support of cycles selected by the Division of Chemical/l{ydrogen Energy Systems

for process development :Ind evaluation and to Identify tincl conduct e::pcri-

mental and analytical feasibili~y studies of advanced or lonEcr r:ln~;c cycles

with potential advantages for matching the Individual?. heat delivery ch~lructer-

irtics of ~olar thermal, high temperature fission, and fusion cnerEy sourcus.

Rcccnt progress and current uctivicicti are dcscrlbcd below,

1.() Bismu~h Sulfate Chemistry. We Imvc completed stuclics 0[ tlic thernw-
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FIG, 1, DECO14POSITIMOF B12(SOL,)3

B12(Sd4)3=liI#soJ~ +so~

BqO(S04)2 =B1202SU4 + S03

Bqo$oq = B1#2,3(so4)(J7 + OE3s03
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FIG. II m IJWRATORY ROTARY KILN
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FIG, 111, DECOMPOSITION OF B120 (SO~l )2 Ifi RU”(;W KILN
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FIG, IV, i)EU)ilPGSITIONOF LA2(S04)3 IN ROTARYKILN

LA2(S04)3 = LA2D2S54 +2S05

I~lP_ -(JQ ~lfiE-(s]. PEL!?WWXN -w.

1263 65 11,5
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FIG, v, uL.CI)PIPOS1TION OF ZNS(.)4 Itl RLJTARYk][N

!:lG, ‘/’J, wmwosmorl ill: C(qu,l IN ll:~lill’( !:lli.:

CLyl, = ~ CO(J + 1/2 02

THW (K) TIHE (S) Mmiws I I I m (x)

12s5 Ml J[JiJ
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FIG. VII. Fl uIDIZEDBEDSYSTUl
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SOLIDRATE
(G/S)
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FIii. VIII. UECilh?OSITIONOF ZNW4

~Nsi)4 = ~Ni) + SOS

FLUIilIZEDBEII(1223 K)

RATIO TIME P (ATM)

(AR/ZNS04) (s) Sq + so.).-..—.--—— ---.. -.-*

54,2 0,55 9.011
25,7 0,35 0,026
16,7 0,54 0,034
12.0 0,34 0, w
11,1 ~, jil il ,039

------ . . . . .. . . . . .. .. . .. . . . .

ROTAkY KIIJi

Mm. I{AT I o [’ (/,Hi)

TEMP (K) TIFiE(S) Su-. h S(J2(ARms~4) ------..... - A.—---..— ..-—------

.-

93
31
77
70
60



ASSUILE: (1)VAPO!UZATIONW 1002H2S!)qAT

700KTOFON1E(NIILIBRIU!IGASMIXTUREAT A
PltESSUREOF 10,6ATM, (2) THEGASHEATED

TO ACHIEVEEQUILIBRIUI1AT 1390K AND10,6ATM.
GASCOMPOSITIONSHOULDBE:

COMPONENT 7(XIK 1300K--------------- — —.--.—-. —. —..-.-..
11?s0,,(1;) 4,j”AT}I ---

Iiljid 3.27 4,36ATPi..
Sikf(G) 3,21 ~,~~

!;0)((;) 0,06 5,73,.
(+ 0,03 1,87

IFGASCONTAINS1MOLEOFS02AT 1500K,TIIE
U}ID1%OCIATEDS03!JIOULDBE 0,17MOLE, THUS,

1;17’MOLESOF H7SOII[~) tiOULDNEEDT(’)BE VAPORIZED

AT 7!IOK.4HDHEATUI‘1’G1300KTO YIE1.111 MOLEOF SO~o



EILXLJUWIHAUEAIE-REUWQUUQN

R120(s04)2 E B1202S04+ (l-x)soj+ xS02+ X/? 02

Al”1125K: X = 0,66,TOTALP = 4,2AT”M

FOR DECONPOSITIONOF 1,14 MOLESOF B120(S04?~1TO

B1202S04 AND EQUILIBRIUMGAS MIXTUflEAT 1125~ (4,2 ATM)

TIIEHEAT REINI[{E!WNTIS 270,4 KJ , ilEATlilGTIIEG/’iSAiiD

ON, ,INING EQU1LI13RIUllhW[.DREQUIREtlEAT(NET)AS

FOLLOW :

. ..,...TiFJbMWEW______..ll.LN_tUiH!-.AWN J!.M”I:..
AT :+125K 270,4 K\] 270,4 KJ

:1,125 “- 1.200 12,8 7~~,~

.uml“1300 1.0,7 2!3:5,9



B1*O(S4+-bB1202SOll+ (1-x)SOj + xS02 + X-t? 02 (1)

/iT1125K: x = 0,66, TOTALP ~ 4,2 ATM,

FOR CASESAT 1301KA;Ill4,2 ATM, X = 0,88ANJIMIXTURE
CONTA1!IING1 MOLE OF S02 AiW 1/2 MOLE OF 02 hWLD

C(li!TAiNO,1~ IWLEOF S03, THUS,1,14MOLEoF

B]2G(S04)7DECOMPOSEDINREACTION1 !IOULJIYIELO1

MOLE OF S& AFTKR GASESI!HTEDTO BOOK,t.


